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(54) Method and apparatus for uplink transmission power control in a cdma communication 
system 



(57) A method and an apparatus for transmission 
power control of uplink dedicated physical channels in 
a CDMA communication system having channels for 
HSDPA. The method and apparatus enables a node B 



to reliably interpret an uplink control channel for HSDPA 
if the UE is in softhandover mode. The method and ap- 
paratus can simultaneously control powers of both a 
control channel for HSDPA and other control and data 
channels. 
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Description 
PRIORITY 

[0001] This application claims priority to applications, 
entitled "Method and apparatus for uplink transmission 
power control in CDMA communication system" filed in 
the Korean Industrial Property Office on November 19, 

2001 and assigned Serial No. 2001-72135, on April 6, 

2002 and assigned Serial No. 2002-18817, and on Au- 
gust 29, 2002 and assigned Serial No. 2002-51629, re- 
spectively, the contents of which are hereby incorporat- 
ed by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates generally to a 
method and an apparatus for uplink transmission power 
control in a CDMA communication system, and more 
particularly to a method and an apparatus for power con- 
trol of uplink dedicated physical channels in a CDMA 
communication system. 

2. Description of the Related Art 

[0003] High speed data packet access (hereinafter, 
referred to as "HSDPA") is a general term for a high 
speed-downlink shared channel (HS-DSCH) for sup- 
porting high speed downlink packet transmission in a 
CDMA communication system, connol channels related 
to HS-DSCH, and apparatuses, methods, and systems 
for those channels. HSDPA requires advanced technol- 
ogy improving the capability of adapting to channel con- 
ditions beyond the technology needed to implement the 
existing mobile communication systems. The following 
three schemes have been introduced to HSDPA to sup- 
port high-speed packet transmission. 

(1) Adaptive Modulation and Coding Scheme 
(AMCS): A modulation and coding scheme (MCS) 
for a data channel is determined according to a 
channel condition between a cell and a user, thus 
increasing an overall use efficiency of the cell. The 
MCS is a combination of modulation and coding 
schemes. Consequently, a number of MCSs exist. 
The AMCS is an optimum MCS chosen among the 
MCSs according to the channel status between the 
cell and the user. 

(2) N-channel Stop and Wait Hybrid Automatic Re- 
transmission Request (n-channel SAW HARQ); 
The n-channel SAW HARQ is a type of HARQ. In 
conventional Automatic Re-transmission Request 
(ARQ), an ACK (acknowledgment) signal and a re- 
transmission packet are exchanged between a UE 
and a node B controller, while in HSDPA, the ex- 



change occurs between the UE and a high-speed 
downlink shared channel (HS-DSCH) in the MAC 
layer of the node B. Another feature of the n-chan- 
nel SAW HARQ is that, even when an ACK signal 

5 is not received, a plurality of packets can be trans- 

mitted on n logical channels. The node B does not 
transmit the next packet until it receives an ACK sig- 
nal for the previous transmitted packet from the UE 
in typical Stop and Wait ARQ. In other words, the 

10 node B must await the ACK signal although it can 
transmit the next packet. On the contrary, in the n- 
channel SAW HARQ, the node B can transmit a plu- 
rality of next packets successively, even if it has not 
received the ACK signal for the previous transmit- 

15 ted packet, thereby increasing channel use efficien- 
cy. That is, if n logical channels are established be- 
tween the UE and the node B and those logical 
channels can be identified by their channel num- 
bers or their transmission time, the UE can deter- 
ge mine on what channel a packet is received at a cer- 
tain point in time and can rearrange received pack- 
ets in the right reception order, 

(3) Fast Cell Selection (FCS): The FCS scheme en- 
25 ables an HSDPA UE in a soft handover region 
(SHR) to receive packets from only a cell in the best 
channel condition, so that the overall interference 
is reduced. If another cell exhibits the best channel 
condition, the UE receives packets from the cell on 
30 an HS-DSCH with minimum communication inter- 
ruption. 

[0004] Due to the introduction of the above-men- 
tioned new schemes, new control signals, as will be de- 

35 scribed below, are exchanged between the UE and the 
node B (or cell) in HSDPA. The information to be trans- 
ferred from the node B (or cell) to the UE includes chan- 
nelization codes of an HS-DSCH in transmission, an 
MCS level used for an HS-DSCH, decoding-related in- 

40 formation such as code information necessary in the in- 
terpretation of a received HS-DSCH, information about 
packets carried on an HS-DSCH, etc. The channeliza- 
tion codes are required by multi-code transmission ba- 
sically employed in the HS-DSCH for high-speed trans- 

45 mission. Further, the information about packets may in- 
clude information about the channel on which and the 
sequence in which each packet is received, HARQ in- 
formation about the packet is first transmitted or retrans- 
mitted, etc. The information to be transferred from the 

50 UE to the node B (or cell) includes ACK/NACK (Negative 
Acknowledgment) for the received packets, channel 
conditions between the UE to the node B (or cell) for 
supporting AMC and FCS, etc. For FCS, the UE trans- 
mits a signal indicating the best cell to a node B (or cell) 

55 that offers the best-quality channel If the best cell is 
changed, the UE reports its packet reception status to 
the new best station. Then, the new best node B pro- 
vides necessary information to aid the UE in selecting 
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the best cell correctly. 

[0005] FIG. 1 illustrates downlink/uplink channels be- 
tween a UE and a plurality of cells when the UE is in a 
soft handover region. Although FIG. 1 illustrates only 
two cells in the soft handover region for convenience of 5 
description, the problems presented in the following de- 
scription in relation to FIG. 1 may also be caused when 
more than two cells are located in the soft handover re- 
gion. 

[0006] Referring to FIG. 1, cell #1 101 transmits an io 
HS-DSCH to a UE 111 and is called "Primary ceir. A 
downlink dedicated physical channel (DL_DPCH) and a 
high speed physical downlink shared channel (HS-PD- 
SCH) are transmitted from cell #1 to the UE 111 , and a 
primary uplink dedicated physical channel '5 
(P_UL_DPCH) and a secondary uplink dedicated phys- 
ical channel (S_UL_DPCH) are transmitted from the UE 
1 1 1 to cell #1 . Cell #2 1 03 is located adjacent to cell #1 
101 . Cell #2 transmits DL_DPCH to the UE 11 1 and re- 
ceives a UL_DPCH from the UE 111. 20 
[0007] FIGs. 2A to 2C illustrate structures of the 
downlink channels illustrated in FIG. 1, and FIGs. 3A 
and 3B illustrate structures of the uplink channels illus- 
trated in FIG. 1. 

[0008] FIG. 2A illustrates the structure of an HS-PD- 25 
SCH transmitted to the UE 111 from cell #1 101 illustrat- 
ed in FIG. 1 . The HS-PDSCH is comprised of three slots 
each with 0.667 msec in duration and each having a 
transmission rate determined according to an MCS level 
being employed and the number of channelization 30 
codes being employed. The channelization codes are 
used in configuring different uplink/downlink channels 
in an asynchronous mobile communication system, and 
have lengths ranging from 4 bits to 512 bits, each of 
which signifies a spreading factor of data. 35 
[0009] FIG. 2B illustrates the structure of a DL-DPCH 
transmitted to the UE 111 from cell #1 101 and cell #2 
102 illustrated in FIG. 1. The DL-DPCH comprises a 
downlink dedicated physical data channel 
(DLJDPDCH) and a downlink dedicated physical control 40 
channel (DL_DPCCH). In the structure of the DL-DPCH , 
user data such as higher layer signaling or voice data is 
transmitted through a first data field 212 and a second 
data field 215, each of which corresponds to the 
DL_DPDCH. In the structure of the DL-DPCH, the 45 
DL_DPCCH corresponds to each of a transmit power 
control command (TPC) field 213, a transmitted format 
combination indicator (TFCI) field 214, and a pilot field 
216. The TPC field 213 transmits a power control com- 
mand by which power for an uplink transmission from 50 
the UE to the cell is controlled. The TFCI field 21 4 trans- 
mits information about the TFC of the first data field 21 2 
and the second data field 215, such as transmission 
speed, channel structure, and information necessary in 
channel decoding. The pilot field 216 has a preset pilot 55 
symbol sequence from which the UE estimates down- 
link channels from the cell to the UE. The DL-DPCH from 
the first data field 21 2 to the pilot field 2 1 6 is constituted 



by one slot having 2560 chips, and fifteen slots forming 
one radio frame with 10 ms in duration. The radio frame 
is the most basic physical transmission unit employed 
in 3GPP, which is a standard for asynchronous mobile 
communication systems. When the UE is located in a 
soft handover region, all cells (or node Bs) transmit the 
DL_DPCH to the UE. For example, referring to FIG. 1, 
cell #1 101 and cell #2 103 transmit the DL_DPCH to 
the UE 111. 

[0010] FIG. 2C illustrates the structure of a high- 
speed shared control channel (11S-SCCH). The 
HS-SCCH carries control information necessary in re- 
ceiving the HSJDSCH transmitted from cell #1 101 to 
the UE 11 1 and is received alternately by UEs in a cor- 
responding node B (or cell) providing an HSDPA serv- 
ice. The HS-SCCH can carry control information re- 
quired in receiving the HS-DSCH to one UE or a plurality 
of UEs at a certain point of time. The IIS-SCCH has a 
basic unit of three slots 221 and transmits a transmitted 
format resource indicator (TFRI) information 223 and 
HARQ information 225 during the three slots 221. The 
TFRI 223 contains an MCS level used for the 
HS_DSCH, the number and type of the channelization 
codes, and necessary information in decoding the 
HS-DSCH. The HARQ information 225 indicates what 
channel is in transmission in the HSDPA employing an 
n-channel SAW HARQ, and whether the packet to be 
carried by the HS_PDSCH is a first-transmitted packet 
or a retransmitted packet due to errors. The HS-SCCH 
is a channel transmitted only from a cell transmitting 
HSPDA only to a UE receiving HSPDA, and is received 
only from a cell transmitting HSPDA even when the UE 
is located in a soft handover region. For example, refer- 
ring to FIG. 1, only cell #1 101 transmitting the 
HS_DSCH can transmit the HS-SCCH to the UE 111. 
[001 1] FIGs. 3A and 3B illustrate the structures of up- 
link channels corresponding to the downlink channels 
illustrated in FIGs. 2A to 2C. FIG. 3A illustrates an uplink 
dedicated physical channel (UL_DPCH), which includes 
an uplink dedicated physical data channel 
(UL_DPDCH) and an uplink dedicated physical control 
channel (UL_DPCCH). The UL_DPDCH carries uplink 
control information or user information from the UE to at 
least one cell, and the UL_DPCCH carries physical con- 
trol information and has fields having the same basic 
functions as those of the DL_DPCCH described above. 
The UL_DPDCH and UL_DPCCH are encoded through 
different channelization codes and transmitted by 
means of 1 channel and Q channel of a quadrature 
phase shift keying (QPSK). The UL_DPDCH has a basic 
transmission unit of 10 ms radio frame, which is com- 
prised of 1 5 slots. The 1 5 slots include a pilot field 31 2, 
a TFCI field 31 3, a feedback information (FBI) field 31 4, 
and a TPC field 315. The pilot field 31 2 enables at least 
one cell receiving the UL_DPCH to estimate the uplink 
channel condition from the UE to the cell. The TFCI field 
313 is a channel for transmitting a transmitted format 
combination indicator (TFCI), which indicates the chan- 
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nelization codes and transmission rate used in the 
UL_DPDCH, information required in decoding, or kinds 
of data carried by the UL_DPDCH. The FBI field 314 
transmits control information for a closed-loop transmit 
antenna transmission when the downlink transmission 
employs the closed-loop transmit antenna transmission. 
When a UE in a soft handover region uses a site selec- 
tion diversity transmission (SSDT) for receiving the 
DL_DPDCH from only one node B in a good downlink 
channel condition, the FBI field 314 transmits control in- 
formation for supporting the SSDT. The SSDT has been 
developed for a novel technology named FCS, which 
has recently been applied in HSDPA. The TPC field 315 
transmits power control commands for controlling trans- 
mission power of the downlink channels from the node 
B or cell. When a UE is in a soft handover region, the 
ULJDPCH illustrated in FIG. 3A is received by all cells 
in the soft handover region. For example, referring to 
FIG. 1, the ULJDPCH transmitted by the UE 111 is re- 
ceived by either cell #1 101 or cell #2 103. 
[0012] The S-UL_DPCCH illustrated in FIG. 3B car- 
ries control information from a UE using the HSDPA. As 
described above, the UE using the HSDPA can transmit 
channel estimation information for selecting an optimum 
cell or MCS level together with ACK or NACK for a re- 
ceived packet to a node B or cell transmitting HSPDA. 
These kinds of information can be carried by the 
S_UL_DPCCH. In this case, only ACK/NACK 323 can 
be transmitted during one slot or three slots. A meas- 
urement report 325 also may be transmitted during one 
slot or three slots. The ACK or NACK, and measurement 
report are transmitted only when the UE needs to trans- 
mit them, and are generally subjected to discontinuous 
transmission (DTX) when they do not need to be trans- 
mitted. The use of the S_UL_DPCCH provides compat- 
ibility between an HSDPA mobile communication sys- 
tem and a non-HSDPA mobile communication system 
without modifying the UL-DPCH structure used in the 
conventional 3GPP communication system. The 
S_UL_DPCCH is a channel transmitted only to a cell 
transmitting the HSDPA and is transmitted only to a cell 
(or node B) transmitting the HSDPA even when the UE 
is in a soft handover region. For example, referring to 
FIG. 1 , the UE 1 1 1 does not transmit the S UL_DPCCH 
to cell #2 1 03 but transmits it only to cell #1 101. 
[0013] In transmitting and receiving the channels il- 
lustrated in FIGs. 2A to 2C, 3A, and 3B, a conventional 
power control method is employed tp control transmis- 
sion power in a soft handover region. For example, re- 
ferring to FIG. 1, after the UL_DPCH transmitted from 
the UE 111 is received by cell #1 101 and cell #2 103, 
an RNC controlling the cells 101 and 103 analyzes the 
power control command. Therefore, when any of cell #1 
101 and cell #2 103 receives a signal with transmission 
power exceeding an optimum value, the corresponding 
cell transmits a command to the UE 111 to lower the 
uplink transmission power, thereby reducing generation 
of interference noise in a soft handover region due to 



the excessive transmission power from the UE. Mean- 
while, since the UE 111 receives the DL_DPCH from 
both cell #1 101 and cell #2 103, when the transmission 
power of a received DLJDPCH exceeds an optimum 

5 value, the UE transmits a command to the correspond- 
ing cell or cells to lower the downlink transmission pow- 
er, thereby reducing generation of interference noise in 
a soft handover region due to the excessive transmis- 
sion power. In accordance with the uplink/downlink con- 

10 trol commands, the UE and cells using the HSDPA 
transmit the HS_PDSCH and the S_UL_DPCCH, which 
are not transmitted to other node Bs in the soft handover 
region, after adjusting the channels corresponding to 
the change of the transmission power of the DL_DPCH 

15 and the UL_DPCH. 

[0014] The conventional power control method in a 
soft handover region as described illustrates the follow- 
ing problems when it is employed to control the uplink 
transmission power of the UE using HSDPA. 

20 [0015] Referring to FIG. 1 , the UL_DPCH transmitted 
fromtheUE111 is received by two cells, cell #1 101 cell 
#2 103, and is then analyzed in the RNC. Therefore, the 
UL_DPCH is transmitted usually with less transmission 
power as compared to when it is transmitted to only one 

25 cell. However, the S UL_DPCCH is information required 
only by cell #1 101 transmitting HSDPA and is not re- 
ceived by cell #2 103. Therefore, when the 
S_UL_DPCCH is transmitted with the transmission 
power adopted for the UL_DPCH, cell #1 1 01 may mis- 

30 interpret the SJJLJDPCCH. When correct information 
of the S_UL_DPCCH is not received by cell #1 101, 
HARQ mechanism selection, MCS level selection, or 
selection of an optimum cell in the FCS cannot be cor- 
rectly carried out. Consequently, the HSDPA itself may 

35 malfunction. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, the present invention has been 
40 designed to solve the above-mentioned problems oc- 
curring in the prior art and proposes a method capable 
of separately controlling transmission powers of the 
UL_DPCH and the SJJL_DPCCH when a UE receiving 
HSPDA is located in a soft handover region. Further, the 
45 present invention proposes a method that enables a 
node B to correctly estimate the S_UL_DPCCH while 
maintaining the conventional power control method 
when a UE receiving HSPDA is located in a soft hando- 
ver region. 

50 [0017] It is, therefore, an object of the present inven- 
tion to provide a method and an apparatus, which sep- 
arately control transmission powers of at least two uplink 
channels employed in a CDMA communication system. 
[0018] It is another object of the present invention to 

55 provide a method and an apparatus, which enable a 
node B to reliably interpret uplink control channels for 
HSDPA. 

[0019] It is a further object of the present invention to 
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provide a method and an apparatus, which separately 
control powers of uplink control channels in a mobile 
communication system supporting HSDPA. 
[0020] It is yet another object of the present invention 
to provide a method and an apparatus, which control 
powers of uplink control channels when a UE receiving 
the downlink packet is located in a soft handover region 
in a mobile communication system supporting HSDPA. 
[0021] It is still another object of the present invention 
to provide a method and an apparatus, which separately 
generate power control commands for a UL_DPCH and 
an SJJL_DPCH. 

[0022] It is still another object of the present invention 
to provide a method and an apparatus, which measure 
a transmission power of each of a UL_DPCH and an 
S_UL_DPCH by providing a pilot field not only for the 
UL_DPCH, but also for the S_UL_DPCH, for the trans- 
mission power control. 

[0023] It is still another object of the present invention 
to provide a method and an apparatus, which transmit 
uplink transmission power control commands for a 
UL_DPCH and an S_DL_DPCH, for the transmission 
power control. 

[0024] It is still another object of the present invention 
to provide a method and an apparatus for transmission 
power control, which prevent an uplink transmission 
power for an S_UL_DPCH from being set too high, 
thereby preventing excessive interference noise from 
being generated in a soft handover region. 
[0025] It is still another object of the present invention 
to provide a method and an apparatus, which enable a 
node B to separately channel-compensate for at least 
two uplink channels employed in a CDMA communica- 
tion system by providing a pilot field for each of the chan- 
nels. 

[0026] It is still another object of the present invention 
to provide a method and an apparatus, which enable a 
node B to separately channel-compensate for at least 
two uplink channels employed in a mobile communica- 
tion system supporting HSDPA by providing a pilot field 
for each of the channels. 

[0027] It is still another object of the present invention 
to provide a method and an apparatus, which separately 
channel-compensate for uplink channels when a UE re- 
ceiving the downlink packet is located in a soft handover 
region in a mobile communication system supporting 
HSDPA. 

[0028] It is still another object of the present invention 
to provide a method and an apparatus, which separately 
channel-estimate and channel -compensate for a 
UL_DPCH and an S_UL_DPCH by providing a pilot field 
not only for the UL_DPCH, but also for the 
S_UL_DPCH, for the transmission power control. 
[0029] In order to accomplish the above and objects, 
there is provided a method for uplink transmission pow- 
er control in a CDMA communication system including: 
a first node B simultaneously providing high speed pack- 
et data through a high speed data shared channel and 



dedicated data through a downlink dedicated physical 
channel; at least one second node B located adjacent 
to the first node B; and a UE for controlling powers of 
first and second uplink dedicated control channels, 

5 when the UE is located in a soft handover region in 
which the second node B provides dedicated data 
through a downlink dedicated physical channel, the UE 
transmitting dedicated data through an uplink dedicated 
data channel and control information through the first 

10 uplink dedicated control channel to the first and second 
node Bs, the control information including transmission 
power control information and pilot bit information re- 
quired in receiving the dedicated data, the UE transmit- 
ting confirmation information indicating whether the high 

15 speed packet data is received and downlink channel 
status information between the first node B and the UE 
through the second uplink dedicated control channel, 
the second uplink dedicated control channel having a 
subf rame comprised of three slots, the method compris- 

20 ing the steps of: transmitting the subframe after assign- 
ing the pilot bit information to at least one of the three 
slots; receiving the transmission power control informa- 
tion through the downlink dedicated physical channel 
from the first node B, the transmission power control in- 

25 formation corresponding to the pilot bit information; and 
controlling transmission power for the second uplink 
dedicated control channel with the transmission power 
control information. 

[0030] In accordance with another aspect of the 

30 present invention, there is provided a method for uplink 
transmission power control in a CDMA communication 
system including: a first node B simultaneously provid- 
ing high speed packet data through a high speed data 
shared channel and dedicated data through a downlink 

35 dedicated physical channel, the first node B controlling 
powers of first and second uplink dedicated control 
channels; at least one second node B located adjacent 
to the first node B; and a UE for transmitting dedicated 
data through an uplink dedicated data channel and con- 

40 trol information through the first uplink dedicated control 
channel to the first and second node Bs when the UE is 
located in a soft handover region in which the second 
node B provides dedicated data through a downlink ded- 
icated physical channel, the control information includ- 

45 jng transmission power control information and pilot bit 
information required in receiving the dedicated data, the 
UE transmitting confirmation information indicating 
whether the high speed packet data is received and 
downlink channel status information between the first 

50 node B and the UE through the second uplink dedicated 
control channel, the second uplink dedicated control 
channel having a subframe comprised of three slots, the 
method comprising the steps of: generating second 
transmission power control information for power con- 

55 trol of the second uplink dedicated control channel, cor- 
responding to the pilot bit information carried by at least 
one of the three slots; and transmitting the second trans- 
mission power control information through the downlink 



5 



9 



EP 1 313 232 A1 



10 



dedicated physical channel at a transmission time point 
for the second transmission power control information. 
[0031] In accordance with another aspect of the 
present invention, there is provided an apparatus for up- 
link transmission power control in a CDMA communica- 5 
tion system including : a first node B simultaneously pro- 
viding high speed packet datathrough a high speed data 
shared channel and dedicated data through a downlink 
dedicated physical channel; at least one second node 
B located adjacent to the first node B; and a UE for con- 10 
trolling powers of first and second uplink dedicated con- 
trol channels, when the UE is located in a soft handover 
region in which the second node B provides dedicated 
data th roug h a down li nk ded icated physical chan nel, the 
UE transmitting dedicated data through an uplink dedi- *5 
cated data channel and control information through the 
first uplink dedicated control channel to the first and sec- 
ond node Bs, the control information including transmis- 
sion power control information and pilot bit information 
required in receiving the dedicated data, the UE trans- 20 
mitting confirmation information indicating whether the 
high speed packet data is received and downlink chan- 
nel status information between the first node B and the 
UE through the second uplink dedicated control chan- 
nel, the second uplink dedicated control channel having 25 
a subframe comprised of three slots, the apparatus 
comprising: a transmitter for transmitting the subframe 
after assigning the pilot hit information to at least one of 
the three slots; and a receiver for receiving the trans- 
mission power control information through the downlink 30 
dedicated physical channel from the first node B, the 
transmission power control information corresponding 
to the pilot bit information, and for controlling transmis- 
sion power for the second uplink dedicated control chan- 
nel with the transmission power control information. 35 
[0032] In accordance with another aspect of the 
present invention, there is provided an apparatus for up- 
link transmission power control in a CDMA communica- 
tion system including: a first node B simultaneously pro- 
viding high speed packet datathrough a high speed data <*o 
shared channel and dedicated data through a downlink 
dedicated physical channel, the first node B controlling 
powers of first and second uplink dedicated control 
channels; at least one second node B located adjacent 
to the first node B; and a UE transmitting dedicated data 45 
through an uplink dedicated data channel and control 
information through the first uplink dedicated control 
channel to the first and second node Bs when the UE is 
located in a soft handover region in which the second 
node B provides dedicated data through a downlink ded- so 
icated physical channel, the control information includ- 
ing transmission power control information and pilot bit 
information required in receiving the dedicated data, the 
UE transmitting confirmation information indicating 
whether the high speed packet data is received and 55 
downlink channel status information between the first 
node B and the UE through the second uplink dedicated 
control channel, the second uplink dedicated control 



channel having a subframe comprised of three slots, the 
apparatus comprising: a receiver for obtaining a second 
channel estimation result corresponding to the pilot bit 
information carried by at least one of the three slots; and 
a transmitter for generating second transmission power 
control information for power control of the second up- 
link dedicated control channel, and for transmitting the 
second transmission power control information through 
the downlink dedicated physical channel at a transmis- 
sion time point for the second transmission power con- 
trol information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The above and other objects, features, and ad- 
vantages of the present invention will be more apparent 
from the following detailed description taken in conjunc- 
tion with the accompanying drawings, in which: 

FIG. 1 illustrates downlink/uplink channels between 
a UE and a plurality of cells when the UE is in a soft 
handover region; 

FIGs. 2A to 2C illustrate structures of the downlink 
channels employed in a conventional CDMA com- 
munication system supporting HSDPA; 
FIGs. 3A and 3B illustrate structures of the uplink 
channels employed in a conventional CDMA com- 
munication system supporting HSDPA; 
FIG. 4 is a block diagram of a transmitter in a node 
B according to an embodiment of the present inven- 
tion; 

FIG. 5 is a block diagram of a receiver in the node 
B according to an embodiment of the present inven- 
tion; 

FIG. 6 is a block diagram of a UE transmitter corre- 
sponding to the node B receiver illustrated in FIG. 4; 
FIG. 7 is a block diagram of a UE receiver corre- 
sponding to the node B transmitter illustrated in FIG. 
5, which is located in a soft handover region cover- 
ing two cells; 

FIGs. 8A to 8D illustrate structures of uplink chan- 
nels according to embodiments of the present in- 
vention; 

FIG. 9 illustrates an algorithm of a node B controller 
according to the present invention; 
FIG. 10 illustrates an algorithm of a UE controller 
corresponding to the node B controller illustrated in 
FIG. 9; 

FIGs. 1 1 B and 1 1 C illustrate structures of other up- 
link channels according to other embodiments of 
the present invention; 

FIG. 12 is a block diagram of a UE transmitter ac- 
cording to another embodiment of the present in- 
vention; 

FIG. 13 is a block diagram of a receiver in the node 
B according to another embodiment of the present 
invention; 

FIG. 14 illustrates an algorithm of a UE controller 
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according to another embodiment of the present in- 
vention; and 

FIG. 15 illustrates an algorithm of a node B control- 
ler according to another embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0034] Preferred embodiments of the present inven- 
tion will be described herein below with reference to the 
accompanying drawings. Although the following de- 
scription of the present invention is given as an example 
of an HSPDA in 3GPP, which is a standard of 3 rd gen- 
eration asynchronous mobile communication systems, 
the present invention may be employed in other com- 
munication systems that simultaneously control powers 
of two or more uplink channels. Also, the present inven- 
tion provides a method of separately controlling powers 
of downlink and uplink dedicated physical control chan- 
nels for HSDPA while maintaining compatibility between 
an existing HSDPA node B/UE and an existing non-HSD- 
PA UE/node B. 

[0035] FIGs. 8A to 8D illustrate structures of 
S_UL_DPCCH for controlling transmission powers of a 
UL_DPCH and an S_UL_DPCH according to the 
present invention. It is assumed that the S_UL_DPCCH 
has a length of three slots, although the present inven- 
tion may be employed when the S_UL_DPCCH has a 
different number of slots. In the structures illustrated in 
FIGs. 8A to 8D, ACK/NACK, measurement report, and 
the location and length of the pilot field may be changed. 
Further, when necessary, only the ACK/NACK, and the 
location and length of the pilot field may be transmitted 
or the ACK/NACK, measurement report, and location 
and length of the pilot field may all be transmitted. The 
ACK/NACK and measurement report may be transmit- 
ted as they are, or after being accumulated up to a pre- 
determined length through repetition, or after being en- 
coded through a separate encoding process. 
[0036] FIG. 8A illustrates a channel structure with 
three slots 801 during which an ACK/NACK field 803 
and a pilot field 805 are transmitted one time or repeat- 
edly for three times. The ACK/NACK field 803 carries 
an acknowledgement or negative acknowledgement 
sent by the UE in response to an n-channel SAW packet 
received through the HS_PDSCH. In an acknowledge- 
ment, a cell having received the acknowledgement 
sends the next packet corresponding to the n-channel. 
In a negative acknowledgement, a cell having received 
the negative acknowledgement sends the previously 
sent packet again. The pilot field 805 is a field for esti- 
mating the channel condition and received signal inten- 
sity of the S_UL_DPCCH. The pilot pattern used in the 
UL_DPCCH may be reused, and the simplest pattern of 
all one sequence may be transmitted by a presetting be- 
tween the node B and UE. Further, a pattern different 
from the pilot pattern in the UL_DPCCH may be trans- 



mitted. Also, a pilot field with the same pattern may be 
transmitted for each slot, or different pilot patterns may 
be used in order to configure the order of the slots. Pref- 
erably, a value preset between the node B and the UE 
5 is employed regardless of the pilot pattern to estimate 
the signal intensity and uplink transmission channel 
condition of the S_UL_DPCCH. If a value, which is not 
preset, is transmitted, only the intensity of the pilot sig nal 
of the S_UL_DPCCH can be measured. This may cause 

J0 some deterioration in performance. 

[0037] FIG. 8B illustrates a structure of an 
S_UL_DPCCH, which carries a time-divided measure- 
ment report 81 7 as well as an ACK/NACK field 81 3 and 
a pilot field 815. The ACK/NACK field 813 and the pilot 

15 field 81 5 have the same functions as those of the ACK/ 
NACK field 803 and the pilot field 805 illustrated in FIG. 
8A. The S_UL_DPCCH having the structure illustrated 
in FIG. 8B may be transmitted during one slot of the 
three slots or repeatedly during the three slots. 

20 [0038] FIG. 8C illustrates a structure of an 
S_UL_DPCCH that carries an ACK/NACK field 823 and 
a pilot field 825 using all of three slots 821 , and FIG. 8D 
illustrates a structure of an SJJL_DPCCH that carries 
an ACK/NACK field 831, a pilot field 833, and a meas- 

25 urement report 835, using all of three slots 831 . Each of 
the fields illustrated in FIGs. 8C and 8D may have the 
same function and construction as those of each of the 
fields illustrated in FIGs. 8A and 8B. 
[0039] FIG. 4 is a block diagram of a transmitter in a 

30 node B according to an embodiment of the present in- 
vention. Referring to FIG. 4, a controller 401 receives a 
first pilot channel estimation value 451 and a second pi- 
lot channel estimation value 452, which are pilot fields 
of the UL_DPCCH and the S UL_DPCCH, respectively, 

35 received through a node B receiver, and generates TPC 
commands for the UL_DPCCH and the S_UL_DPCCH. 
The controller 401 inputs the TPC commands for the 
UL_DPCCH and the S JJL_DPCCH to a multiplexer 420 
at optimum time points. 

[0040] In determining the time points at which the con- 
troller 401 transmits the TPC commands for the 
UL_DPCCH and the SJJLJDPCCH, various items, as 
described below, may be considered: (1 ) signal intensity 
and degree of importance, channel condition, and data 

^5 transmission rate of the UL_DPDCH transmitted from 
the UE; (2) signal intensity and channel condition of the 
S UL_DPCCH; and (3) transmission duration of the 
S_UL_DPCCH and power control ratio between the 
UL_DPCCH and the S_UL_DPCCH. For convenience 

50 of description of the present invention, it is assumed that 
the TPC command for the SJJL_DPCCH is transmitted 
one time after the TPC command for the UL_DPCCH is 
transmitted two times in the structures illustrated in 
FIGs. 4 to 7. As described above, the transmission rate 

55 for the TPC command for the UL_DPCCH and the trans- 
mission rate for the TPC command for the 
S_UL_DPCCH may be adjusted according to circum- 
stances. The adjusted rates may be transmitted to the 
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UE through a high layer signaling message or a physical 
channel control message, and may be changed accord- 
ing to a presetting between the node B and the UE. 
[0041] The multiplexer 420 receives a TPC 402, a pi- 
lot 403, and a TFCI 404, to thereby construct the 
DL_DPCH. User data 411 or higher signaling control in- 
formation is channel-encoded by convolutional coding 
or turbo coding in an encoder 41 2 and is then loaded on 
a signal processed by a rate matcher 413 with a format, 
which can be properly transmitted through the physical 
channel, thereby constructing the DL_DPDCH. 
[0042] The DL_DPCH output from the multiplexer 420 
is channel-encoded with channelization codes used in 
the DL_DPCH in a spreader 421 and is then multiplied 
by a channel gain related with the transmission power 
of the DL_DPCH in a multiplier 422. The channel-com- 
pensated DL_DPCH is input to a summer 460. The sum- 
mer 460 sums the input DL_DPCH and other downlink 
transmission channels. In this case, the channel gain 
related with the transmission power of the DL_DPCH 
may be set in consideration of a transmission rate of the 
DL_DPCH, a TPC command received by an uplink 
channel, etc. 

[0043] I th user data for the HS_PDSCH are channel- 
encoded by a proper method in an encoder 432 and are 
then processed by a rate matcher 433 into a format, 
which is proper for the transmission through a physical 
channel. The process user data is channel-encoded in 
a spreader 434, multiplied by a proper channel gain in 
a multiplier 435, and then input to a summer 460, which 
sums the input data and other downlink channels. The 
spreader 434 may have a plurality of channelization 
codes as will be described later, thereby increasing the 
downlink data transmission speed. 
[0044] TFRI information 441 indicates channelization 
codes used for the HS_PDSCH, an MCS level, and val- 
ues matched to the HS_PDSCH, so that the UE can cor- 
rectly interpret the HS_PDSCH. HARQ information 442 
informs the UE of the channel on which the packet car- 
ried by the HS_PDSCH has been transmitted and 
whether the packet is a first-transmitted packet or a re- 
transmitted packet, thereby allowing the UE to under- 
stand and properly utilize the characteristic of the packet 
carried by the currently received HS_PDSCH. That is, 
when the received packet is a retransmitted packet, the 
retransmitted packet may be added to the already-re- 
ceived erroneous packet, thereby reproducing a proper 
signal. 

[0045] The TFRI information 441 and HARQ informa- 
tion 442 are encoded by encoders 443 and 444, respec- 
tively, and are then input to a multiplexer 445. The TFRI 
information 441 and HARQ information 442 may be 
transmitted as they are, or transmitted repeatedly or af- 
ter being encoded through a separate encoding process 
in order to increase the reliability. The multiplexer 445 
receives the outputs of the encoders 443 and 444, there- 
by constructing and outputting an HS-SCCH. The signal 
output from the multiplexer 445 is spread with a chan- 



nelization code for the HS-SCCH in a spreader 446, 
multiplied by a channel gain for the HS-SCCH in a mul- 
tiplier 447, and then input to a summer 460. 
[0046] The summer 460 sums the DL_DPCH, HS-PD- 

5 SCH, HS-SCCH, and downlink shared channels trans- 
mitting channels of other UEs and control signals of 
node Bs not illustrated in FIG. 4. A UE receiving the 
downlink shared channels can properly interpret only 
the signals received through desired downlink channels 

w by means of the channelization codes multiplied to the 
downlink shared channels for differentiation. The sig- 
nals output from the summer 460 are scrambled with a 
scrambling code used by the node B in a multiplier 461 
and are then modulated in a modulator 462. The mod- 

15 ulated signals are converted to carrier frequency signals 
in an RF module 463 and are then transmitted to the UE 
via an antenna 464. The scrambling code employed in 
the multiplier 461 is useful in identifying each of downlink 
signals from node Bs or cells. 

20 [0047] FIG. 5 is a block diagram of a receiver in the 
node B according to an embodiment of the present in- 
vention. Signals received through an antenna 501 from 
a UE are converted to baseband signals in an RF mod- 
ule 502. The baseband signals are demodulated in a 

25 demodulator 503 and then descrambled with the same 
scrambling codes as used by the UE in a multiplier 504. 
The scrambling codes used by the UE identify the sig- 
nals transmitted to UEs from a node B. The signals out- 
put from the multiplier 504 are despread in despreaders 

30 510, 520, and 530, so that the signals are classified into 
a ULJDPCCH, a UL_DPDCH, and an SJJL_DPCCH. 
The same channelization codes as used in the 
UL_DPCCH, UL_DPDCH, and S_UL_DPCCH are ap- 
plied to the despreaders 510, 520, and 530, respective- 

35 |y. From the UL_DPCCH output from the despreader 
510, only a pilot field 51 2 is extracted in the demultiplex- 
er 51 1 and is then input to a channel estimator 51 3. The 
pilot field 512 is used in estimating an uplink channel 
condition. After the intensity of the pilot signal is estimat- 

40 ed, the node B generates a TPC command for transmis- 
sion power control of the UL_DPCH using the intensity 
of the pilot signal. The UL_DPCH input to the multiplier 
51 4 is compensated with a channel estimation value cal- 
culated in the channel estimator 51 3 and is then demul- 

45 tiplexed into TPC 51 6, TFCI 51 7, and FBI 51 8 in the de- 
multiplexer 515. 

[0048] The UL_DPDCH output from the despreader 
520 is compensated with the channel estimation value 
of the channel estimator 513 in the multiplier 521 and is 
50 then restored to the i th user data or higher layer signaling 
message in a decoder 522, which is assumed to be ca- 
pable of performing an inverse rate matching function 
also. 

[0049] From the S-UL_DPCCH output from the de- 
55 spreader 530, only a pilot field 540 is extracted in the 
demultiplexer 532. The pilot field 540 extracted from the 
S-UL_DPCCH is channel-estimated in a channel esti- 
mator 534, and then the estimated value is transmitted 
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to a controller 550. 

[0050] The S-UL_DPCCH channel-compensated in 
the multiplier 533 is divided into ACK/NACK and chan- 
nel report information in a demultiplexer 535, which are 
then restored to channel measurement information 537 
and ACK/NACK in decoders 536 and 538, respectively. 
The decoders 536 and 538 are defined as decoders 
having the same codes and decoding function for repet- 
itive transmission as used by the UE. 
[0051] The controller 550 receives a signal estimation 
value of the pilot field of the UL-DPCCH estimated in the 
channel estimator 513 and a channel estimation value 
of the pilot field of the S-UL-DPCCH estimated in the 
channel estimator 534 to generate TPC commands for 
each of the channels. Switches 551 and 552 connected 
to the channel estimators 51 3 and 534, respectively, can 
be controlled to adjust the channel estimation value in- 
put to the multiplier 533, thereby enabling a separate 
channel estimation for each of the channels to which the 
TPC is applied. That is, when a signal to which the TPC 
for the UL_DPCCH is applied is received, the channel 
estimation value of the S-ULJDPCCH can be compen- 
sated with a channel estimation value estimated with the 
pilot field of the UL DPCCH. In contrast, when a signal 
to which the TPC for the S-UL_DPCCH is applied is re- 
ceived, the channel estimation value of the 
S-UL_DPCCH can be compensated with a channel es- 
timation value estimated with the pilot field of the 
S-UL_DPCCH. In the controller 550 described above, 
channels having different channel measurement data, 
which are transmitted only to one UE, can be separately 
estimated and then compensated with the estimated 
value, thereby improving the channel compensation 
gain. Further, during the transmission of the 
S-U L_DPCCH, the node B may separately measure and 
channel-compensate the S-UL_DPCCH, thereby fur- 
ther improving performance of the S-UL_DPCCH. 
[0052] FIG. 6 is a block diagram of a UE transmitter 
corresponding to the node B receiver illustrated in FIG. 
4. A controller 601 generates and controls a channel 
gain 651 applied to the UL-DPCH, a first pilot 611 ap- 
plied to the UL-DPCCH, a channel gain 652 applied to 
the S-UL-DPCCH, and a second pilot 621 applied to the 
S-UL-DPCCH. The controller 601 receives a plurality of 
TPCs transmitted from a node B and generates channel 
gains 652 and 651 using the TPCs for the S-UL-DPCCH 
and UL-DPCH, respectively. The channel gain 652 can 
be directly determined using the TPC received by the 
node B transmitting the HSDPA, or may be determined 
as a specific critical value when the channel gain to 
which the received TPC is applied is too high so that the 
quantity of the interference signal for other signals in a 
soft handover region generated by the S-UL-DPCCH is 
thus too large. The specific critical value may be deter- 
mined with a ratio of the transmission power to the 
UL-DPCH or an absolute magnitude of the transmission 
power. The ratio of the transmission power to the UL-DP- 
CH and the absolute magnitude of the transmission 



power may be transmitted with the higher layer signaling 
or physical layer signal from the node B to the UE, or 
may be preset between the node B and the UE. 
[0053] The multiplexer 615 receives a TPC 612 for 

5 downlink transmission power control, a first pilot 611 
output from the controller 601, aTFCI613, and an FBI 
614, to construct the UL-DPCCH. The UL-DPCCH out- 
put from the multiplexer 615 is spread with a channeli- 
zation code applied to the UL-DPCCH in the spreader 

w 616, is multiplied by the channel gain 651 in the multi- 
plier 617, and is then input to a summer 640. 
[0054] The user data 631 or higher layer signaling in- 
formation is encoded in an encoder 632 and is then 
processed to be suitable for the transmission mode of 

15 physical channels in a rate matcher 633. The signal out- 
put from the rate matcher 633 is converted to the 

• m UL_DPDCH in a spreader 634, multiplied by a channel 
gain for the UL_DPDCH in a multiplier 635, and then 
input to the summer 640. The channel gain applied in 

20 the multiplier 635 can be determined in consideration of 
the difference between transmission rates of the 
UL_DPCCH and the UL_DPDCH for the channel gain 
applied in the multiplier 617. 

[0055] A multiplexer 627 receives encoded values 
25 that are obtained by encoding an ACK/NACK 625, which 
is control information for n-channel HARQ, in an encod- 
er 626, and by encoding channel measurement informa- 
tion 623 in an encoder 624, respectively. Further, the 
multiplexer 627 receives the second pilot 621 deter- 
30 mined in the controller 601 to construct an 
S-UI-DPCCH. As described above, the second pilot 621 
may employ a pattern equal to or different from that of 
the first pilot 611. 

[0056] The summer 640 sums input uplink signals and 
35 outputs the sum to a multiplier 641 . Since the uplink sig- 
nals summed in the summer 640 can be identified by 
the different channelization codes multiplied to the up- 
link signals, the node B receiving the signals can repro- 
duce proper signals. The multiplier 641 scrambles the 
40 uplink signals from the UE with uplink scrambling codes 
used by the UE, so that the uplink signals from the UE 
can be differentiated from uplink signals from other UEs. 
The signals output from the multiplier 641 are modulated 
in a modulator 642, converted to carrier frequency sig- 
45 nals in an RF module 643, and then transmitted to the 
node B via an antenna 644. 

[0057] FIG. 7 is a block diagram of a UE receiver cor- 
responding to the node B transmitter illustrated in FIG. 
5, which is located in a soft handover region covering 

50 two cells. Downlink signals received through an antenna 
701 are converted to baseband signals in an RF module 
702. The baseband signals are demodulated in a de- 
modulator 703 and then descrambled with the same 
scrambling codes as those used by the UE in a multiplier 

55 704. The descrambled downlink signals output from the 
multiplier 704 are despread in despreaders 710, 730, 
740, and 750, so that the signals are classified into a 
DL_DPCH, a DL_DPCH from other node Bs not trans- 
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mitting the HS-DSCH, an HS_PDCH, and an SHCCH. 
[0058] The DL_DPCCH from a node B transmitting 
the HS-DSCH, which is output from the despreader 71 0, 
is input to a demultiplexer 711, in which a TPC 721 is 
then extracted from the DL_DPCH. The DLJDPCH from 
a node B not transmitting the HS-DSCH, which is output 
from the despreader 730, is input to a demultiplexer 731 , 
in which a TPC 723 is then extracted from the 
DL_DPCH. The TPCs 721 and 723 are input to a con- 
troller 760 and then used in determining uplink powers 
of the UP_DPCH and S-UL-DPCCH. 
[0059] Outputs of the demultiplexers 71 1 and 731 are 
input to and summed in a summer 712. The summed 
signals are input to a demultiplexer 770, in which only a 
pilot field 771 is extracted from the summed signals and 
is then input to a channel estimator 720. A channel es- 
timation result for the pilot signals 771 input to a channel 
estimator 720 is input to a controller 760 and is then 
used in generating a TPC command for downlink trans- 
mission power control of node Bs in communication with 
the UE. The channel estimation result of the channel es- 
timator 720 is input to a multiplier 71 3 and used in chan- 
nel compensation of the DLJDPCH output from the 
summer 712. The channel-compensated DL_DPCH is 
input to and demultiplexed into a TFCI 717 and a 
DL_DPDCH in a demultiplexer 715. The DL_DPDCH 
output from the demultiplexer 71 5 is decoded and thus 
restored to user data 71 9 or higher layer signaling infor- 
mation in a decoder 718, which is assumed to be capa- 
ble of performing an inverse rate matching function also. 
[0060] The HS_PDSCH output from the despreader 
740 is input to the multiplier 741 , compensated with a 
channel estimation value calculated in the channel es- 
timator 720, and then output to a decoder 742. In FIG. 
7, it is assumed that the channel estimation by the chan- 
nel estimator 720 is performed after the DP_DPCHs to 
the UE are summed. However, if channel estimation is 
carried out for each pilot signal differentiated from the 
DL_DPCHs, the channel estimation value applied to the 
multiplier 741 can be replaced by a channel estimation 
value for a pilot field of a DL DPCH from a node B hav- 
ing transmitted the HS-PDSCH. The HS-DSCH output 
from the multiplier 741 is decoded and deinterleaved in 
a demultiplexer 742 to be restored to the user data. The 
HS-DSCH decoded in the demultiplexer 742 may be 
used in the operation of an N-channel SAW HARQ. 
[0061] The SHCCH output from the despreader 750 
is compensated with the channel estimation value out- 
put from the channel estimator 720 in the multiplier 751 . 
As the channel estimation value used in the multiplier 
741 , the channel estimation value used in the multiplier 
751 may also be replaced by a value obiained by inter- 
preting a pilot field of a DL_DPCH of a node B transmit- 
ting the SHCCH, if the pilot signals of the DL_DPCHs 
can be differentiated. 

[0062] The SHCCH having been channel-compen- 
sated in the multiplier 751 is divided into two signals in 
a demultiplexer 752, which are then restored to TFRI 



information 755 and HARQ information 756 in decoders 
753 and 754, respectively, so that they can be used for 
corresponding objects. 

[0063] The controller 760 receives estimation results 
5 of pilot fields of all the TPCs and DL_DPCCHs of re- 
ceived by the UE to determine uplink transmission pow- 
ers of the UL-DPCH and S-DL-DPCCH of the UE. If a 
node B transmitting the HSDPA has transmitted a TPC 
command for the UL-DPCCH to a UE using the receiver 
10 illustrated in FIG. 7, the transmission power of the 
UL-DPCH including the TPC command can be deter- 
mined. When the S-UL-DPCCH must be transmitted 
without receiving the TPC command for the 
S-UL-DPCCH after receiving the TPC command for the 
15 UL-DPCCH, the transmission power for the 
S-UL-DPCCH may be determined with a predetermined 
power offset. Further, if a node B transmitting the HSD- 
PA has transmitted a TPC command for the 
S-UL-DPCCH, the transmission power of the UL-DPCH 
20 can he determined by using other TPC commands than 
the TPC command for the S-UL-DPCH, and the trans- 
mission power of the S-UL-DPCH can be determined by 
using the TPC command for the S-UL-DPCH. 
[0064] FIGs. 9 and 10 are flowcharts showing opera- 
25 tions of a node B controller and a UE controller in an 
uplink power control method according to the present 
invention. For convenience, the description below will 
be given on the basis of the situation illustrated in FIG. 1 . 
[0065] FIG. 9 illustrates an algorithm of a node B con- 
30 troller according to the present invention. Referring to 
FIG. 9, in step 900, the node B determines whether a 
UE receiving an HS-DSCH from the node B is located 
in a soft handover region (SHR). It is natural that the 
node B does the determining in step 900, because the 
35 node B receives information about intensities of signals 
from other node Bs measured by the UE and determines 
whether to permit the UE to communicate with other 
node Bs in the soft handover region or not. In step 901 , 
the node B receives a pilot field and TPC command of 
40 the PJJL-DPCCH, and a pilot field of the S-UL-DPCCH 
from the UE. The PJJL-DPCCH carries control informa- 
tion for downlink dedicated channels, and the 
S-UL-DPCCH carries uplink control information for the 
HSPDA. When the node B receives the S-ULJDPCCH 
45 in step 901 , the S-UL_DPCCH may have different struc- 
tures according to whether the UE is located in the soft 
handover region or not. That is, when the UE is not lo- 
cated in the soft handover region, the UE is in commu- 
nication with only one node B, which transmits the 
50 HS-DSCCH, so that the UE need not send pilot informa- 
tion to the S-UL-DPCCH for transmission power control 
of the S-UL-DPCCH. Therefore, when the UE is not lo- 
cated in the soft handover region, the S-UL-DPCCH 
may have a format without a pilot field from among the 
55 various formats illustrated in FIGs. 8A and 8D. However, 
in the description of FIG. 9, it is assumed that the UE 
always uses slots with the same format for the 
S-UL-DPCCH. By the UE always using slots with the 
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same format, excessive signaling for changing the slot 
format of the S-UL-DPCCH between the UE and the 
node B transmitting B can be eliminated. However, 
when the UE is not located in the soft handover region, 
the UE may transmit unnecessary signals, which in- 5 
creases consumption of battery power. In order to pre- 
vent the increase in the consumption of battery power, 
the UE may set a DTX (Discrete Transmission OFF) 
mode instead of transmitting the pilot fields of the 
S-UL-DPCCH. w 
[0066] In step 902, the node B determines whether it 
has received an exact pilot field of the S-UL-DPCCH. 
When the node B has concluded that an exact pilot field 
of the S-UL-DPCCH has not been received, the node B 
analyzes the pilot field of the P_UL_DPCCH to generate *5 
a TPC command for the P_UL_DPCCH in step 911. 
When the node B has confirmed a reception of an exact 
pilot field of the S-UL-DPCCH in step 902, the node B 
analyzes the pilot fields of the P_UL_DPCCH and the 
S_UL_DPCCH in step 903. In step 904, TPC commands 20 
for the P_UL_DPCCH and the S_UL_DPCCH are gen- 
erated using the pilot fields of the PJJLJDPCCH and 
the S_LL_DPCCH obtained from the analysis in step 
903. 

[0067] In step 905, the node B determines whether it 25 
is a suitable point of time to transmit the TPC for the 
S_UL_DPCCH. The transmission time points may be 
determined in consideration of the such items as a de- 
gree of importance of data transmitted through the 
UL-DPDCH, a power control period for the UL-DPCH 30 
according to the moving speed of the UE, a reception 
quality of the P UL-DPCH, and a reception quality of the 
SJJL-DPCH. When data transmitted through the 
UL-DPDCH are not so important, the TPC for the 
S-UL-DPDCH may be transmitted more frequently, in or- 35 
der to receive exact uplink control information for the 
HSDSCH. When the powercontrol periodforthe UL-DP- 
CH may be prolonged according to the moving speed 
of the UE, the TPC for the S-UL-DPCCH may be more 
frequently transmitted. When the quality of the received 40 
P-UL-DPCH is good and there is no series change in 
the channel condition from the UE to the node B, the 
TPC for the S-UL-DPCCH may be more frequently 
transmitted. Finally, when there is no series change in 
either the channel condition or the quality of the *5 
S-UL-DPCCH, the TPC for the S-UL-DPCCH may be 
more frequently transmitted. 

[0068] When the UE is located in the soft handover 
region, the UL-DPCH and SJJL-DPCH have different 
transmission powers. Further, since all the node Bs in 50 
the soft handover region can receive the UL-DPCH of 
the UE due to the UL-DPCH located in the soft handover 
region, even a UL-DPCH and an S-UL-DPCH transmit- 
ted to the same UE may have different signal quality and 
channel condition. 55 
[0069] If the node B has concluded that it is not a point 
of time to transmit the TPC for the S JJ L_DPCCH in step 
905, the node B determines to transmit a TPC command 



for the P_UL_DPCCH in step 906. When the node B has 
concluded that it is a point of time to transmit the TPC 
for the S_UL_DPCCH, the node B transmits a TPC com- 
mand for the S_UL_DPCCH in step 907. Although the 
TPCs determined in steps 906 and 907 are for the 
UL_DPCCH, they may be applied to the UL_DPDCH al- 
so, since the UL_DPCCH and the UL_DPDCH are the 
same in all aspects except for their transmission 
speeds. 

[0070] In step 908, the node B sets the downlink trans- 
mission power according to the downlink power control 
command received in step 901 and then transmits other 
downlink signals along with corresponding TPC com- 
mands to the UE. 

[0071] In step 909, the node B determines whether 
the UE in communication with the node B has escaped 
from the soft handover region or whether transmission 
of the HS-DSCH to the UE has been completed. When 
the UE has escaped from the soft handover region or 
the transmission of the HS-DSCH to the UE has been 
completed, the uplink transmission power of the UE is 
controlled with a normal power control algorithm con- 
trolling the uplink transmission power of the UE in step 
91 0. In the contrary case, the procedure will be repeated 
from step 901 . 

[0072] The above description of the algorithm of a 
node B controller illustrated in FIG. 9 is based on an 
assumption that the node B determines whether it will 
perform the operations in steps 901 to 908, according 
to whether the UE is located in the soft handover region. 
That is, when the UE is located in the soft handover re- 
gion, the UE should transmit the pilot field to 
S_UL_DPCCH for each S_UL_DPCCH subframe with 
2 ms unit duration, enabling the node B to always per- 
form the operations in steps 901 to 908. This frequent 
transmission of the pilot field may increase interference 
of the UE with node Bs, which do not transmit the 
HS-DSCH. 

[0073] Therefore, as another example for reducing 
the interference, the present invention enables an HSD- 
PA node B to receive exact ACK/N ACK information and 
channel report messages only when it is scheduled to 
receive HS-DSCH data. Therefore, the node B transmits 
the pilot field through the S_UL_DPCCH, and, in re- 
sponse, the HSDPA node B performs the operations il- 
lustrated in FIG. 9, so that the HSDPA node 1 3 can sep- 
arately control the transmission powers of the 
S_UL_DPCCH and the P_UL_DPCCH. 
[0074] Specifically, when the UE is located in a soft 
handover region, the HSDPA node B performs schedul- 
ing that enables the HS-DSCH data to be transmitted to 
the UE, and transmits control information required to re- 
ceive the HS-DSCH data through the SHCCH. The UE 
transmits pilot fields through the S_UL_DPCCH by op- 
erating as illustrated in FIG. 10, after receiving the SH- 
CCH and until transmitting the ACK/NACK information 
for the HS-DSCH data. Meanwhile, the HSDPA node B 
separately controls the transmission powers of the 
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S_UL_DPCCH and the P_ULJDPCCH by operating as 
illustrated in FIG. 9, while the UE transmits the 
S_UL_DPCCH pilot fields. 

[0075] When the UE is located in the soft handover 
region, whether to transmit the SJJL_DPCCH pilot field 
is determined according to whether the SHCCH control 
information (that is, HS-DSCH data) has been received. 
When the SJJL_DPCCH pilot fields need not be trans- 
mitted, an S_UL_DPCCH without a pilot field may be 
employed from among the S_UL_DPCCHs with various 
structures illustrated in FIGs. 8A to 8D in the same man- 
ner as described above. Otherwise, when the UE is lo- 
cated in the soft handover region, the DTX transmission 
may be employed when the S_UL_DPCCH is transmit- 
ted always with the pilot field format and without a real 
S_UL_DPCCH pilot, as described above. 
[0076] FIG. 10 illustrates an algorithm of a UE con- 
troller corresponding to the node B controller illustrated 
in FIG. 9. Referring to FIG. 10, the UE receives a TPC 
command from a node B in step 1001 . In step 1002, the 
UE controller determines whether the TPC command 
received in step 1001 Is a TPC for the SJJL_DPCCH. 
When the received TPC is a TPC for the S_UL_DPCCH, 
the S_UL_DPCCH is separated and separately ana- 
lyzed from TPCs for the P_UL_DPCCH received from 
other node Bs in step 1003. In step 1004, transmission 
powers for the SJJL_DPCCH and the P_UL_DPCCH 
are determined using the TPCs separately analyzed in 
step 1003. The transmission power for the 
S_UL_DPCCH may be determined to have a relatively 
small value when the TPC for the S_UL_DPCCH is fre- 
quently transmitted. In contrast, when the TPC for the 
SJJL_DPCCH is transmitted with a long transmission 
period, the transmission power for the S_UL_DPCCH 
may be determined to have a relatively large value. As 
a simple example, the UE receiving the TPC may adjust 
the transmission power for the SJJLJDPCCH with pow- 
er adjustment intervals of about I dB when the TPC for 
the S_UL_DPCCH is transmitted 1000 times per each 
second, and the UE receiving the TPC may adjust the 
transmission power for the S_UL_DPCCH with power 
adjustment intervals of about 2 dB when the TPC for the 
SJJLJDPCCH is transmitted 500 times per each sec- 
ond. 

[0077] In step 1005, the UE controller determines 
whether it is a time point to transmit the S_UL_DPCCH. 
Step 1005 is necessary because uplink control informa- 
tion for the HSDPA may be transmitted using one slot in 
the S_UL_DPCCH having the slot structure illustrated 
in FIGs. 8A and 8B. However, step 1005 is unnecessary 
when the S_UL_DPCCHs are transmitted in the same 
format for each slot or transmitted for the entire duration. 
[0078] In step 1 005, when it is a time point to transmit 
the SJJLJDPCCH, the UE controller determines, in 
step 1006, whether the transmission power for the 
SJJL_DPCCH from step 1004 exceeds a critical value 
or not. The critical value employed in step 1 006 prevents 
the determined transmission power for the 



SJJL_DPCCH, to which the TPC transmitted from the 
node B is applied, from being excessively large, thereby 
preventing the transmission power from causing exces- 
sive interference with other UEs located in the soft 
5 handover region. 

[0079] When it is concluded in step 1006 that the 
transmission power for the S_UL_DPCCH has exceed- 
ed the critical value, the transmission power for the 
S_UL_DPCCH is determined using the critical value in 
10 step 1021 . The critical value can be applied not only to 
the SJJL_DPCCH as described above but also to a sum 
of transmission powers of all uplink channels of the 
S_UL__DPCCH, UL_DPCCH, and UL_DPDCH. In other 
words, when the sum of the transmission powers of all 
15 uplink channels exceeds a critical value, the transmis- 
sion powers of the channels are lowered below the crit- 
ical value by the some proportion for each channel. Usu- 
ally, information transmitted through the SJJL_DPCCH 
for the HSDPA service is considerably important infor- 
20 mation. Therefore, when the sum of the transmission 
powers of the uplink channels exceeds a critical value, 
the transmission powers of the channels are towered by 
different proportions for the S_UL_DPCCH, 
UL_DPCCH, and LIL_DPDCH. That is to say, the trans- 
25 mission powers for the ULJDPCCH and UL_DPDCH 
may be lowered more than the transmission power for 
the S_UL_DPCCH, enabling the node B to securely and 
reliably receive the S__ULJ3PCCH. In step 1007, pilot 
signals for the S_UL_DPCCH and the P_UL_DPCCH 
30 are generated. In step 1008, the PJJLJDPCCH and 
corresponding UL_DPDCH are transmitted with the 
transmission powers determined in step 1004, and the 
S_UL_DPCCH is transmitted with the transmission 
power determined in step 1004. 
35 [0080] In step 1 002, if the TPC for the SJJLJDPCCH 
is not received, a TPC for the P_UL_DPCCH is analyzed 
in step 1011, and the transmission power for the 
p_UL_DPCCH is determined in step 1012. Step 1013 
follows step 1012 and may follow step 1005 when it is 
40 concluded from the judgment in step 1 005 that it is not 
the time point to transmit the SJJLJDPCCH. In step 
1013, a pilot signal for the P_UL_DPCCH is generated. 
In step 1014, the P_UL_DPCCH and corresponding 
UL_DPDCH are transmitted with the transmission pow- 
45 er determined in step 1012 or 1004. 

[0081] In step 1009, it is determined whether the UE 
has escaped from the soft handover region or not and 
whether or not there is any more HS-DSCH to be re- 
ceived even if the UE is located in the soft handover re- 
50 gjon. When the UE has escaped from the soft handover 
region or there is no more HS-DSCH to be received, a 
normal power control algorithm for the downlink and up- 
link dedicated physical channels is performed in step 
1010. When the soft handover has not been completed 
55 or there is another HS-DSCH in the soft handover re- 
gion, the procedure will be repeated from step 1001 . 
[0082] The second embodiment of the present inven- 
tion presents a method of performing channel estima- 
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tion for uplink dedicated physical channels for HSDPA 
by transmitting separate pilots through the uplink dedi- 
cated physical channels so that node Bs receive correct 
uplink dedicated physical channels when a UE is locat- 
ed in a soft handover region. It is assumed that a com- 5 
mon control method is used in the power control for the 
UL_DPCCH without a separate power control for the 
S_UL_DPCCH. Although a separate pilot may be trans- 
mitted for the S_UL_DPCCH even when the UE is not 
located in the soft handover region, the following de- io 
scription will be based on an assumption that a separate 
pilot is transmitted for the S_UL_DPCCH only when the 
UE is located in the soft handover region, for conven- 
ience of description. 

[0083] When the UE is located in the soft handover 15 
region, the separate pilot for the channel estimation of 
the S_UL_DPCCH may have such structures as illus- 
trated in FIGs. 8A to 8D. When the UE is not located in 
the soft handover region, the pilot may have a structure 
as that of the S_UL_DPCCH illustrated in FIG. 3B. Usu- 20 
ally, the node B performs channel estimation with a sep- 
arate pilot transmitted through the S_UL_DPCCH and 
channel compensation for ACK or NACK, and CQI 
(channel quality indicator) information in the three slots, 
which are subframes of the S_UL_DPCCH. According 25 
to the present invention, the node B may perform the 
channel compensation in a usual way using the sepa- 
rate pilot of the S_UL_DPCCH or in a modified way as 
will be described below. Further, the separate pilot 
should be transmitted only when one of the ACK/NACK 30 
and CQI information is transmitted, because the sepa- 
rate pilot is arranged for the channel compensation of 
the ACK/NACK or CQI information. 
[0084] FIGs. 11 A to 11 C are detailed views for de- 
scribing a method for channel estimation of an 35 
S_UL_DPCCH according to locations of the pilot. First, 
FIG. 11 A illustrates the structure of the S_UL_DPCCH 
when a separate pilot is located between the ACK/ 
NACK and CQI information in the S_UL_DPCCH sub- 
frame. The transmission powers for the separate pilot, 40 
ACK/NACK, and CQI information may be set to have 
different values. In general, the values of the transmis- 
sion powers for the above information are determined 
by proportions between the transmission powers of the 
above information and the UL_DPCCH, When the node 45 
B receives an S_UL_DPCCH with a structure as illus- 
trated in FIG. 1 1 A, the node B first performs channel es- 
timation by receiving an HS-Pilot 1101, which is a sep- 
arate pilot, and then performs channel compensation for 
the ACK/NACK or CQI by using the HS-Pilot 1101 . FIG. 50 
11 A illustrates a usual method in which the channel 
compensation is performed in one subframe. In this 
case, because the node B can perform the channel com- 
pensation for the ACK/NACK only after receiving the 
HS-Pilot 1 1 01 , time delay may be caused until the ACK/ 55 
NACK information is extracted. This time delay for the 
extraction of the ACK/NACK may become an important 
factor in the reduction of the scheduling time for the next 



HSDPA packet to be transmitted to the UE by the node 
B. 

[0085] FIGs. 1 1 B and 1 1 C illustrate structures of other 
S_UL_DPCCHs for minimizing the channel compensa- 
tion time delay for the ACK/NACK. In the first 
S_UL_DPCCH subframe of FIG. 11B, the HS-Pilot is 
transmitted last among the information in the first sub- 
frame. In the second subframe of FIG. 11B, which is a 
subframe N of the S_UL_DPCCH, only the ACK/NACK 
information or both the ACK/NACK and CQI information 
are transmitted by the UE. In the second frame, the UE 
transmits an HS-Pilot 1102 of a subframe N-1 instead 
of the pilot of the subframe N, for channel compensation 
for the ACK/NACK. In this case, because the node B 
can perform the channel compensation directly after 
performing the channel estimation with the received 
HS-Pilot 1 1 02, there is no problem due to the time delay 
as is in the first frame. If the UE is located in the soft 
handover region from the S_UL_DPCCH subframe N, 
the subframe N-1 has no structure capable of transmit- 
ting the HS-Pilot 1102, so that it may impossible for the 
UE to transmit the HS-Pilot 1102 in the subframe N-1 . 
In this case, the node B performs the channel compen- 
sation using an HS-Pilot 1103 after receiving an ACK/ 
NACK of the subframe N. The third or last subframe has 
a structure in which the UE transmits only a CQI infor- 
mation in the subframe N of the S_UL_DPCCH. Even if 
there is a time delay for the ACK/NACK when the node 
B extracts the CQI information, there is no influence on 
the HSDPA packet scheduling. Therefore, the UE may 
transmit an HS-Pilot 1104 and CQI of the subframe N, 
so that the node B can perform the channel estimation 
and compensation with HS-Pilot 1 1 04 after receiving the 
CQI information. 

[0086] The first subframe in FIG. 1 1 C has a structure 
in which an HS-Pilot is transmitted first among the infor- 
mation of the subframe of the S_ULJDPCCH. The sec- 
ond S_UL_DPCCH subframe in FIG. 11C has a struc- 
ture in which the UE transmits only the ACK/NACK in- 
formation or both the ACK/NACK and CQI information 
in a subframe N of the S_UL_DPCCH. This structure is 
the same as the first structure in FIG. 11 C. In this case, 
the node B performs channel estimation by receiving an 
HS-Pilot 1105 and channel compensation by receiving 
only ACK/NACK information or both ACK/NACK and 
CQI information. The third SJJL_DPCCH subframe in 
FIG. 11C has a structure in which the UE transmits only 
CQI information in the subframe N of the S UL_DPCGH. 
In a general transmission, the HS-Pilot 1106 and CQI 
information of the S_UL_DPCCH subframe N are trans- 
mitted. In order to avoid discontinuous transmission by 
the UE, an HS-Pilot 1 1 07 of a subframe N+l and the CQI 
information may be transmitted. 

[0087] Of course, in the structures illustrated in FIGs. 
1 1 B and 1 1 C also, the UE can transmit the ACK/NACK 
or CQI together with the HS-Pilot of the subframe N. In 
this case, the node B will perform the usual channel es- 
timation and compensation as illustrated in FIG. 11 A. 
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[0088] FIG. 1 2 is a block diagram of a UE transmitter 
according to a second embodiment of the present in- 
vention. Referring to FIG. 12, a controller 1201 gener- 
ates and controls a channel gain 1251 applied to the 
UL-DPCH, a first pilot 1211 applied to the UL-DPCCH, 
a channel gain 1252 applied to the S-UL-DPCCH, and 
a second pilot 1221 applied to the S-UL-DPCCH. The 
controller 1201 receives a plurality of TPCs transmitted 
from a node B and generates channel gains 1252 and 
1251 using the TPCs. 

[0089] The multiplexer 1215 receives a TPC 1 21 2 for 
downlink transmission power control, a first pilot 1211 
output from the controller 1201, a TFCI 1213, and an 
FB1 1214, to construct the UL-DPCCH. The UL-DPCCH 
output from the multiplexer 1215 is spread with a chan- 
nelization code applied to the UL-DPCCH in the spread- 
er 1216, is multiplied by the channel gain 1251. in the 
multiplier 1217, and is then input to a summer 1240. 
[0090] The user data 1231 or higher layer signaling 
information is encoded with a proper code in an encoder 
1 232 and is then processed to be suitable for the trans- 
mission mode of physical channels in a rate matcher 
1233. The signal output from the rate matcher 1233 is 
converted to the UL_DPDCH in a spreader 1234, mul- 
tiplied by a channel gain for the ULJDPDCH in a multi- 
plier 1235, and then input to the summer 1240. The 
channel gain applied in the multiplier 1235 can be de- 
termined in consideration of the difference between 
transmission rates of the UL_DPCCH and the 
UL_DPDCH for the channel gain applied in the multiplier 
1217. 

[0091] A multiplexer 1227 receives encoded values 
which are obtained by encoding an ACK/NACK 1225, 
which is control information for n-channel HARQ, in an 
encoder 1226, and by encoding channel measurement 
information 1223 in an encoder 1224, respectively. Fur- 
ther, the multiplexer 1 227 receives the second pilot 1 221 
determined in the controller 1201 and multiplexes the 
first and second pilots to construct an S-UL-DPCCH. As 
described above, the second pilot 1221 may employ a 
pattern equal to or different from that of the first pilot. 
When the UE is located in a soft handover region, the 
controller 1201 inputs the HS-Pilot 1221 to the multiplex- 
er 1227. In contrast, the controller 1201 does not input 
the HS-Pilot 1221 to the multiplexer 1227 when the UE 
is not located in a soft handover region. 
[0092] A multiplexing controller 1202 is a device for 
controlling the multiplexer 1227 to adjust the set power 
gain when the transmission powers for the ACK/NACK 
1225, CQI 1223, and HS-Pilot 1221 are set to be differ- 
ent. Further, the multiplexing controller 1202 controls 
the multiplexer 1227 to construct the S_UL_DPCCH 
structures as illustrated in FIGs. 11 A to 11C. In general, 
the multiplexer 1227 can multiplex SJJL_DPCCH using 
subframe as a unit. When the UE employs the modified 
channel compensation schemes as illustrated in FIGs. 
11 A to 11C, the multiplexing controller 1202 controls 
multiplexing with the HS-Pilot, when the UE transmits 



only the CQI or ACK/NACK, or both of the CQI and ACK/ 
NACK. For example, the multiplexing controller 1202 
controls the multiplexer 1227 to construct the 
S_UL_DPCCH as illustrated in the second frame in FIG. 
5 11 B when UE transmits the ACK/NACK or both of the 
ACK/NACK and CQI, and controls the multiplexer 1227 
to construct the SJJL_DPCCH as illustrated in the third 
frame in FIG. 11 B when UE transmits only the CQI in- 
formation. 

10 [0093] The summer 1240 sums input uplink signals 
and outputs the sum to a multiplier 1241. Because the 
uplink signals summed in the summer 1 240 can be iden- 
tified by the different channelization codes multiplied to 
the uplink signals, the node B receiving the signals can 

15 reproduce proper signals. The multiplier 1241 scram- 
bles the uplink signals from the UE with uplink scram- 
bling codes used by the UE, so that the uplink signals 
from the UE can be differentiated from uplink signals 
from other UEs. The signals output from the multiplier 

20 1241 are modulated in a modulator 1242, converted to 
carrier frequency signals in an RF module 1243, and 
then transmitted to the node B via an antenna 1244. 
[0094] FIG. 1 3 is a block diagram of a receiver in the 
node B according to the second embodiment of the 

25 present invention. Referring to FIG. 1 3, signals received 
through an antenna 1301 from a UE are converted to 
baseband signals in an RF module 1 302. The baseband 
signals are demodulated in a demodulator 1303 and 
then descrambled with the same scrambling codes as 

30 used by the UE in a multiplier 1304. The scrambling 
codes used by the UE serve to identify the signals trans- 
mitted to UEs from a node B. The signals output from 
the multiplier 1304 are despread in despreaders 1310, 
1320, and 1330, so that the signals are classified into a 

35 UL_DPCCH, a UL_DPDCH, and an S_UL_DPCCH. 
The same channelization codes as used in the 
ULJDPCCH, UL_DPDCH, and S_UL_DPCCH are ap- 
plied to the despreaders 131 0, 1320, and 1330, respec- 
tively. From the UL_DPCCH output from the despreader 

40 1310, only a pilot field 1312 is extracted in the demulti- 
plexer 1311 and is then input to a channel estimator 
1313. The pilot fie Id 1312 is used in estimating an uplink 
channel condition from the UE to the node B. After the 
intensity of the pilot signal is estimated, the node B gen- 

45 erates a TPC command for transmission power control 
of the UL_DPCH using the intensity of the pilot signal. 
The controller 1350 generates a TPC command for the 
ULJ3PCH with a channel estimation value from a chan- 
nel estimator 1313 for a pilot field of the UL-DPCCH. 

50 The UL_DPCCH inputtothe multiplier 1314 is compen- 
sated with the channel estimation value calculated in the 
channel estimator 1313 and is then demultiplexed into 
TPC 1316, TFCI 1317, and FBI 1318. 
[0095] The UL_DPDCH output from the despreader 

55 1 320 is compensated with the channel estimation value 
of the channel estimator 1313 in the multiplier 1321 and 
is then restored to the i th user data or higher layer sign- 
aling message in a decoder 1322 which is assumed to 
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be capable of performing an inverse rate matching func- 
tion also. 

[0096] From the S-UL_DPCCH output from the de- 
spreader 1330, only a pilot field 1340 is extracted in the 
demultiplexer 1332. In this case, it is assumed that the 5 
demultiplexer 1332 monitors whether the HS-Pilot is 
transmitted. The HS-Pilot according to the present in- 
vention is transmitted for separate channel estimation 
for the SJJL_DPCCH only when information is trans- 
mitted to the SJJL_DPCCH. Therefore, it is necessary 10 
for the node B to monitor whether the HS-Pilot is trans- 
mitted or not. Meanwhile, when the node B performs the 
usual channel estimation and compensation as illustrat- 
ed in FIG. 11 A, it is required that the multiplexer 1332 
detects the HS-Pilot using subf rame as a unit. However, *5 
when the node B performs the modified channel estima- 
tion and compensation as illustrated in FIGs. 11 B and 
11C, it is required that the multiplexer 1332 should be 
capable of detecting the HS-Pilot also from adjacent 
subframes. For example, when the UE transmits the 20 
ACK/NACK or the ACK/NACK and CQI as illustrated in 
the second subf rame in FIG. 11 B, it is required that the 
multiplexer 1 332 detect the HS-Pilot of the subframe N- 
1 and perform the channel estimating with the HS-Pilot. 
Further, when the UE transmits only CQI information as 25 
illustrated in the third subframe in FIG. 1 1 B, it is required 
that the multiplexer 1 332 should be capable of detecting 
the HS-Pilot of the subframe N and performing the chan- 
nel estimating with the HS-Pilot. 

[0097] The HS-Pilot of the S-UL_DPCCH 1 340 is in- so 
put to and channel-estimated in a channel estimator 
1334. The S-UL_DPCCH channel-compensated in the 
multiplier 1333 is divided into ACK/NACK and channel 
report information in a demultiplexer 1335, which are 
then restored to channel measurement information 35 
1 337 and ACK/NACK 1 339 in decoders 1 336 and 1 338, 
respectively. The decoders 1336 and 1338 are defined 
as decoders having the same codes and decoding func- 
tion for repetitive transmission as used by the UE. 
[0098] Switches 1351 and 1352 connected to the <*o 
channel estimators 1313 and 1334, respectively, can be 
controlled to adjust the channel estimation value input 
to the multiplier 1 333, thereby enabling a separate chan- 
nel estimation for the S_UL_DPCCH according to 
whether the UE is located in the soft handover region. 45 
That is, when the UE is not located in the soft handover 
region, the S_UL_DPCCH can be channel-compensat- 
ed with the channel estimation value for the pilot field of 
the UL_DPCCH. In contrast, when the UE is located in 
the soft handover region, the S_UL_DPCCH can be 50 
channel-compensated with the channel estimation val- 
ue for the pilot field of the S_UL_DPCCH. Even when 
separate power control is not carried out for the 
S_UL_DPCCH while the S_UL_DPCCH is transmitted, 
the HS-Pilot field of the S_UL_DPCCH may be sepa- 55 
rately measured and channel-compensated to thereby 
improve performance of the S_UL_DPCCH. 
[0099] FIG. 14 illustrates an algorithm of a UE con- 



troller according to the second embodiment of the 
present invention. Referring to FIG. 14, the UE receives 
a TPC command from a node B in step 1401. The UE 
analyzes the TPC in step 1402 and sets transmission 
powers for the S_UL_DPCCH and the P_UL_DPCCH 
in step 1403. In general, the value of the transmission 
power for the S_UL_DPCCH is determined by a propor- 
tion between the transmission powers of the 
S__UL_DPCCH and the UL_DPCCH. When it has been 
determined in step 1 404 that it is a time point to transmit 
the S__UL_DPCCH, pilot signals for the S_UL_DPCCH 
and the PJJLJDPCCH are generated in step 1407. In 
step 1408, the P_UL_DPCCH and corresponding 
UL_DPDCH are transmitted with the transmission pow- 
ers determined in step 1403, and the S_UL_DPCCH is 
transmitted with the transmission power determined in 
step 1403. Step 1405 follows step 1404 when it is de- 
termined in step 1 404 that it is not the time point to trans- 
mit the S_UL_DPCCH. In step 1405, a pilot signal for 
the UL_DPCCH is generated. In step 1406, the 
P_UL_DPCCH and corresponding UL_DPDCH are 
transmitted with the transmission power determined in 
step 1403. 

[0100] In step 1409, it is determined whether the UE 
has escaped from the soft handover region or not and 
whether or not there is any more HS-DSCH to be re- 
ceived, even if the UE is located in the soft handover 
.region. When the UE has escaped from the soft hando- 
ver region or there is no more HS-DSCH to be received, 
the S_UL_DPCCH and the UL_DPCCH without the 
HS-Pilot are transmitted in step 1410, so that normal 
channel compensation for the uplink dedicated physical 
channels can be carried out. From the judgment in step 
1409, when the soft handover has not been completed 
or there is another HS-DSCH to he received in the soft 
handover region, the procedure will be repeated from 
step 1401. 

[0101] FIG. 15 illustrates an algorithm of a node B 
controller according to the second embodiment of the 
present invention. Referring to FIG. 1 5, in step 1 500, the 
node B determines whether a UE receiving an 
HS-DSCH from the node B is located in a soft handover 
region. As stated above, it is natural that the node B per- 
forms the determination, because the node B receives 
information about intensities of signals from other node 
Bs measured by the UE and determines whether to per- 
mit the UE to communicate with other node Bs in the 
soft handover region. In step 1501 , the node B receives 
a pilot field and TPC command of the PJJ L-DPCCH and 
a pilot field of S-UL-DPCCH from the UE. When the 
node B receives the S-UL_DPCCH in step 1501, the 
S-UL_DPCCH may have different structures according 
to whether the UE is located in the soft handover region 
or not. That is, when the UE is not located in the soft 
handover region, the UE is in communication with only 
one node B that transmits the HS-DSCCH, so that the 
UE need not send pilot information to the S-UL-DPCCH 
for transmission power control of the S-UL-DPCCH. 
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Therefore, when the UE is not located in the soft hando- 
ver region, the S-UL-DPCCH may have a format without 
a pilot field from among the various formats illustrated 
in FIGs. 8A to 8D. Also, the S-UL-DPCCH may have the 
same format regardless of whether the UE is located in 5 
the soft handover region or not. 

[0102] In step 1502, the node B determines whether 
it has received an exact pilot field of the S-UL-DPCCH. 
When the node B has concluded that an exact pi lot field 
of the S-UL-DPCCH has not been received in step 1502, 10 
the node B analyzes the pilot field of the UL_DPCCH in 
step 1509 and generates a TPC command for the 
UL_DPCCH in step 1510. When the node B has con- 
firmed reception of an exact pilot field of the 
S-UL-DPCCH, the node B analyzes the pilot fields of the is 
P_UL_DPCCH and the S_UL_DPCCH in step 1503. In 
step 1503, the analysis of the pilot fields of the 
UL_DPCCHs is utilized in generating TPC commands 
for the UL_DPCCH and in channel estimation for the 
ULJ3PCCH and the UL_DPDCH. Further, the pilot field 20 
of the S_UL_DPCCH is used in channel estimation for 
channel-compensating the S_UL_DPCCH. In step 
1 504, after the channel estimation with the pilots of the 
UL_DPCCH and S_UL_DPCCH, channel compensa- 
tion for each channel is performed. 25 
[0103] In step 1504, a TPC command is generated 
from the UL_DPCCH obtained in step 1503. In step 
1506, downlink transmission power is set according to 
the downlink power control command received in step 
1501. Thereafter, a corresponding TPC command is 30 
transmitted together with other downlink signals trans- 
mitted from the node B to the UE. 
[0104] In step 1507, the node B determines whether 
the UE in communication with the node B has escaped 
from the soft handover region or whether transmission 35 
of the HS-DSCH to the UE has been completed. When 
the UE has escaped from the soft handover region or 
the transmission of the HS-DSCH to the UE has been 
completed, a normal channel compensation algorithm 
for the uplink dedicated physical channels is performed 40 
using only the pilot field of the UL_DPCCH in step 1 508. 
In the opposite case, the procedure will be repeated 
from step 1 501 . 

[0105] The present invention provides a method for 
uplink transmission power control between a UE and a 
node B using HSDPA, in which power for an uplink ded- 
icated physical channel for a downlink dedicated phys- 
ical channel and powerfor a secondary uplink dedicated 
physical channel for uplink transmission of HSDPA up- 
link control information can be separately controlled. 50 
Therefore, the present invention provides an apparatus 
and method, which enable a node B to receive a correct 
secondary uplink dedicated physical control channel. 
Further, the present invention presents an apparatus 
and a method for separately channel-compensating or 55 
power-controlling an uplink dedicated physical channel 
and a secondary uplink dedicated physical channel, in 
which the secondary uplink dedicated physical channel 



employs a pilot field, thereby enabling the node B to sep- 
arately generate a channel compensation value or pow- 
er control command for the uplink dedicated physical 
channel and the secondary uplink dedicated physical 
channel. 

[0106] While the invention has been illustrated and 
described with reference to certain preferred embodi- 
ments thereof, it will be understood by those skilled in 
the art that various changes in form and details may be 
made therein without departi ng from the spirit and scope 
of the invention as defined by the appended claims. 



Claims 

1 . A method for uplink transmission power control in a 
CDMA communication system including: 

a first node B simultaneously providing high 
speed packet data through a high speed data 
shared channel and dedicated data through a 
downlink dedicated physical channel; 
at least one second node B located adjacent to 
the first node B; and 

a UE for controlling powers of first and second 
uplink dedicated control channels, when the UE 
is located in a soft handover region in which the 
second node B provides dedicated data 
through a down link dedicated physical channel, 
the UE transmitting dedicated data through an 
uplink dedicated data channel and control in- 
formation through the first uplink dedicated 
control channel to the f irst and second node Bs, 
the control information including transmission 
power control information and pilot bit informa- 
tion required in receiving the dedicated data, 
the UE transmitting confirmation information in- 
dicating whether the high speed packet data is 
received and downlink channel status informa- 
tion between the first node B and the UE 
through the second uplink dedicated control 
channel, the second uplink dedicated control 
channel having a subframe comprised of three 
slots, 

the method comprising the steps of: 

transmitting the subframe after assigning 
the pilot bit information to at least one of 
the three slots; 

receiving the transmission power control 
information through the downlink dedicat- 
ed physical channel from the first node B, 
the transmission power control information 
corresponding to the pilot bit information; 
and 

controlling transmission power for the sec- 
ond uplink dedicated control channel with 
the transmission power control informa- 
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tion. 

2. The method of claim 1, wherein the transmission 
power control information is received at a predeter- 
mined transmission time point, and transmission 5 
power control information corresponding to pilot bit 
information transmitted through the second uplink 
dedicated control channel is received during at oth- 
er time points than the predetermined transmission 
time point. 10 

3. The method of claim 1, wherein the pilot bit infor- 
mation is discontinuously transmitted (DTX) 
through the second uplink dedicated control chan- 
nel when the UE is not located in the soft handover is 
region. 



4. The method of claim 1, wherein the transmission 
power for the second uplink dedicated control chan- 
nel is set as a predetermined critical value when the 20 
transmission power for the second uplink dedicated 
control channel controlled by the control information 
exceeds the predetermined critical value. 

5. The method of claim 1, wherein the pilot bit infor- 25 
mation carried by the subframe is located between 

the confirmation information and the downlink chan- 
nel information. 

6. The method of claim 1, wherein the pilot bit infor- 30 
mation is transmitted in a final sector of a subframe 
just before the subframe carrying the confirmation 
information and the downlink channel information. 

7. The method of claim 1 , wherein the pilot bit infor- 35 
mation is transmitted prior to the confirmation infor- 
mation and the downlink channel information, when 

the pilot information is carried by the subframe. 

8. A method for uplink transmission power control in a *o 
CDMA communication system including: 



transmission power control information and pi- 
lot bit information required in receiving the ded- 
icated data, the UE transmitting confirmation in- 
formation indicating whether the high speed 
packet data is received and downlink channel 
status information between the first node B and 
the UE through the second uplink dedicated 
control channel, the second uplink dedicated 
control channel having a subframe comprised 
of three slots, 

the method comprising the steps of: 

generating second transmission power 
control information for power control of the 
second uplink dedicated control channel, 
corresponding to the pilot bit information 
carried by at least one of the three slots; 
and 

transmitting the second transmission pow- 
er control information through the downlink 
dedicated physical channel at a transmis- 
sion time point for the second transmission 
power control information. 

9. The method of claim 8, further comprising the steps 
of: 

generating a first transmission power control in- 
formation for controlling the power of the first 
uplink dedicated control channel correspond- 
ing to the pilot bit information carried by the first 
uplink dedicated control channel; and 
transmitting the first transmission power control 
information through the downlink dedicated 
physical channel at time points different than 
the time point of transmitting the second trans- 
mission power control information. 

10. The method of claim 9, wherein the transmission 
power of the downlink dedicated physical channel 
is controlled by the transmission power control in- 
formation transmitted through the first uplink dedi- 
cated control channel. 

11. The method of claim 8, wherein the pilot bit infor- 
mation carried by the subframe is located between 
the confirmation information and the downlink chan- 
nel information. 

12. The method of claim 8, wherein the pilot bit infor- 
mation is transmitted in a final sector of a subframe 
just before the subframe carrying the confirmation 
information and the downlink channel information. 

13. The method of claim 8, wherein the pilot bit infor- 
mation is transmitted prior to the confirmation infor- 
mation and the downlink channel information when 
the pilot information is carried by the subframe. 



a first node B simultaneously providing high 
speed packet data through a high speed data 
shared channel and dedicated data through a 
downlink dedicated physical channel, the first 
node B controlling powers of first and second 
uplink dedicated control channels; 
at least one second node B located adjacent to 
the first node B; and so 
a UE for transmitting dedicated data through an 
uplink dedicated data channel and control in- 
formation through the first uplink dedicated 
control channel to the first and second node Bs 
when the UE is located in a soft handover re- 55 
gion in which the second node B provides ded- 
icated data through a downlink dedicated phys- 
ical channel, the control information including 
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14. An apparatus for uplink transmission power control 
in a CDMA communication system including: 

a first node B simultaneously providing high 
speed packet data through a high speed data 
shared channel and dedicated data through a 
downlink dedicated physical channel; 
at least one second node B located adjacent to 
the first node B; and 

a UE for controlling powers of first and second 
uplink dedicated control channels, when the UE 
is located in a soft handover region in which the 
second node B provides dedicated data 
through a downlink dedicated physical channel, 
the UE transmitting dedicated data through an 
uplink dedicated data channel and control in- 
formation through the first uplink dedicated 
control channel to the first and second node Bs, 
the control information including transmission 
power control information and pilot bit informa- 
tion required in receiving the dedicated data, 
the UE transmitting confirmation information in- 
dicating whether the high speed packet data is 
received and downlink channel status informa- 
tion between the first node B and the UE 
through the second uplink dedicated control 
channel, the second uplink dedicated control 
channel having a subframe comprised of three 
slots, 

the apparatus comprising: 

a transmitter for transmitting the subframe 
after assigning the pilot bit information to at 
least one of the three slots; and 
a receiver for receiving the transmission 
power control information through the 
downlink dedicated physical channel from 
the first node B, the transmission power 
control information corresponding to the pi- 
lot bit information, and for controlling trans- 
mission power for the second uplink dedi- 
cated control channel with the transmis- 
sion power control information. 

15. The apparatus of claim 14, wherein the transmitter 
receives the transmission power control information 
at a predetermined transmission time point and re- 
ceives transmission power control information cor- 
responding to pilot bit information transmitted 
through the second uplink dedicated control chan- 
nel during at other time points than the predeter- 
mined transmission time point 

16. The apparatus of claim 14, wherein the transmitter 
discontinuously transmits (DTX) the pilot bit infor- 
mation through the second uplink dedicated control 
channel, when the UE is not located in the soft 
handover region. 



17. The apparatus of claim 14, wherein the transmitter 
sets the transmission power for the second uplink 
dedicated control channel as a predetermined crit- 
ical value when the transmission power for the sec- 

5 ond uplink dedicated control channel controlled by 
the control information exceeds the predetermined 
critical value. 

18. The apparatus of claim 14, wherein the transmitter 
10 transmits the subframe in which the pilot bit infor- 
mation is located, between the confirmation infor- 
mation and the downlink channel information. 

19. The apparatus of claim 14, wherein the pilot bit in- 
15 formation transmitted by the transmitter is located 

in a final sector of a subframe just before the sub- 
frame carrying the confirmation information and the 
downlink channel information. 

20 20. The apparatus of claim 1 4, wherein the transmitter 
transmits the pilot bit information prior to the confir- 
mation information and the downlink channel infor- 
mation, when the pilot information is carried by the 
subframe. 

25 

21. An apparatus for uplink transmission power control 
in a CDMA communication system including: 

a first node B simultaneously providing high 
30 speed packet data through a high speed data 

shared channel and dedicated data through a 
downlink dedicated physical channel, the first 
node B controlling powers of first and second 
uplink dedicated control channels; 
35 at least one second node B located adjacent to 

the first node B; and 

a UE for transmitting dedicated data through an 
uplink dedicated data channel and control in- 
formation through the first uplink dedicated 

40 control channel to the first and second node Bs 

when the UE is located in a soft handover re- 
gion in which the second node B provides ded- 
icated data through a downlink dedicated phys- 
ical channel, the control information including 

45 transmission power control information and pi- 

lot bit information required in receiving the ded- 
icated data, the UE transmitting confirmation in- 
formation indicating whether the high speed 
packet data is received and downlink channel 

so status information between the f irst node B and 

the UE through the second uplink dedicated 
control channel, the second uplink dedicated 
control channel having a subframe comprised 
of three slots, 

55 the apparatus comprising: 

a receiver for obtaining a second channel 
estimation result corresponding to the pilot 
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bit information carried by at least one of the 
three slots; and 

a transmitter for generating second trans- 
mission power control information for pow- 
er control of the second uplink dedicated 5 
control channel, and for transmitting the 
second transmission power control infor- 
mation through the downlink dedicated 
physical channel at a transmission time 
point for the second transmission power 10 
control information. 

22. The apparatus of claim 21 , wherein: 

the receiver generates afirsttransmission pow- 15 
er control information for controlling the power 
of the first uplink dedicated control channel cor- 
responding to the pilot bit information carried 
by the first uplink dedicated control channel; 
and 20 
the transmitter transmits the first transmission 
power control information through the downlink 
dedicated physical channel at time points dif- 
ferent than the time point of transmitting the 
second transmission power control informa- 25 
tion. 

23. The apparatus of claim 22, wherein transmitter con- 
trols the transmission power of the downlink dedi- 
cated physical channel by the transmission power 30 
control information transmitted through the first up- 
link dedicated control channel. 

24. The apparatus of claim 21 , wherein the pilot bit in- 
formation carried by the subframe is located be- 35 
tween the confirmation information and the down- 
link channel information. 

25. The apparatus of claim 21 , wherein the pilot bit in- 
formation is transmitted in a final sector of a sub- 40 
frame just before the subframe carrying the confir- 
mation information and the downlink channel infor- 
mation. 

26. The apparatus of claim 21 , wherein the pilot bit in- 
formation is transmitted prior to the confirmation in- 
formation and the downlink channel information, 
when the pilot information is carried by the sub- 
frame. 
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